The composition of the team participating in these studies has changed over the period of study, but some members have made a contribution throughout and constitute the authors of this article. Other members are indicated in the Acknowledgments. 
Mycoplasma serovars (serotypes) C, D, F, and I, isolated from chickens or turkeys, and serovar L from pigeons, have been considered for a number of years to belong to separate species. However, characterization of these serovars in terms of the minimum requirements proposed by the Subcommittee on the Taxonomy of Mycoplasmatales of the International Committee on Systematic Bacteriology (1971) (22) and the Subcommittee on the Taxonomy of Mollicutes (1979) (21) has not hitherto been undertaken. Members of the Board of the Food and Agriculture Organization (FAO)/World Health Organization Program on Comparative Mycoplasmology (now known as the International Organization for Mycoplasmology Research Program on Comparative Mycoplasmology) selected one reference strain for each of these serovars, and members of the avian team of the program examined these strains on the basis of the proposals of the 1972 committee. Additional examinations included the determination of the deoxyribonucleic acid (DNA) base composition and immunofluorescence examinations of the cross-reactions obtained by growth inhibition (GI) tests. Myroplasma synoviae (14), originally isolated from the hock joint of a chicken (15) , was included since comprehensive serological comparison with other avian and rnammalian isolates had not been made. A number of the characteristics of some of the serovars have already been published outside of the team studies, but reference is made to the published results of authors only when the strains used and the methods employed are in keeping with the standards indicated by the above-mentioned subcommittees.
The composition of the team participating in these studies has changed over the period of study, but some members have made a contribution throughout and constitute the authors of this article. Other members are indicated in the (14) .
All of the above-mentioned strains were filter cloned by each participant by conventional procedures (22) with 450-nm filters.
All observations and tests were performed by at least two team members working with their own clones of the above-mentioned strains but using standard procedures (21, 22) .
Media. The media used for the characterization tests are as described below with their respective methods. For general cultural procedures, team members used one of the following media or a medium of similar composition.
Broth medium consisted of a mycoplasma broth base (1.5%, wtlvol), inactivated horse or swine serum (15 to 2096, vollvol) , yeast extract (lo%, vol/vol), glucose or arginine (1%, wt/vol), thallium acetate (O.OS%, wtlvol), and 1,000 U of penicillin per ml; for M . synoviae, this was supplemented with 0.01% (wtl vol) nicotinamide adenine dinucleotide. For solid medium, 1% agar was added.
Morphology. Organisms from fluid cultures (2 to 3 days old) were studied by light microscopy after being fixed in methanol and stained with Giemsa solution; unfixed organisms were examined by dark-field microscopy.
For direct examination with the electron microscope (Phillips E.M. 300; accelerating voltage, 80 kV), a deposit was prepared from broth culture by centrifugation, washed three times in physiological saline fixed in 6.25% glutaraldehyde and then 2.0% osmic acid, dehydrated, transferred to epoxy propane, and embedded in araldite. Sections 50 to 60 nm thick were cut.
Colony morphology was observed with a stereoscopic microscope.
Filtration studies. The filterability of the strains was determined by using two different membrane filters with an average pore diameter of 450 and 220 nm, respectively.
Reversion studies. The organisms were passaged five consecutive times with mycoplasma broth and agar without penicillin and thallium acetate and incubated aerobically at 37°C. For the final culture, blood agar plates were also inoculated and incubated aerobically. After Dienes staining, colonies of the final culture on mycoplasma agar were examined macroscopically; the final broth culture was examined by dark-field micros-COPY * Sterol requirement for growth. The method used to determine the sterol requirement of each strain was based on the method of Edward (7), and the basal medium recommended by him was used. To this was added bovine serum albumin (0.5%, wt/vol) and palmitic acid (10 pglml) plus either the PPLO serum fraction (l%, vol/vol) or varying amounts of cholesterol (from 0.2 to 100 pg/ml). In addition, medium was prepared containing the basal medium with 15% swine serum.
The plates were incubated after inoculation with washed suspensions of culture which gave growth on control plates inoculated concurrently.
Inhibition of growth by digitonin was examined by the disk method of Freundt et a]. (10); 6-mm-diameter filter paper disks, each soaked in 0.025 ml of a 1.5% (wtlvol) solution of digitonin, were used.
Biochemical tests. The abilities of the strains to utilize glucose, arginine, and urea were investigated, using a basal medium composed of heart infusion broth (74 ml), horse serum (10 ml), yeast extract ( 5 ml), benzyl penicillin (1,000 Ulml), thallium acetate (0.05%, wtlvol), and phenol red (0.5%, wt/vol) (1 ml). To this was added one of the following substrates to give a final concentration of 1% (wtlvol): glucose (for which the pH of the medium was adjusted to 7.6), arginine, or urea (for each of which the pH was adjusted to 7.0).
Samples of these three different media in 2-ml amounts were inoculated with 0.1 ml of a culture of the test mycoplasma in substrate-free broth and were incubated aerobically, except in the glucose tests, in which both aerobic and anaerobic conditions were used. The controls consisted of the substrate-free basal medium (volume adjusted with distilled water) inoculated with the test organism as well as the three uninoculated substrate-containing media. Also, for glucose and arginine, an appropriate control organism was inoculated into the corresponding medium with the substrate. Mycoplusma gallisepticum strain PG31 was the control organism for the glucose medium, and Mycoplasma gallinarum strain PG16 was the control organism for the arginine medium; no control was used for the urea medium.
During incubation, a fall in pH of 0.5 unit or more in glucose broth or a rise of 0.5 unit or more in arginine or urea broth, relative to the controls, was considered to indicate the utilization of the substrate. Incubation was continued for 21 days, and the tests were read at intervals of a few days.
Phosphatase activity and tetrazolium reduction were determined by the method of Aluotto et al. (I), and "film and spots" production was investigated by the method of Fabricant and Freundt (9) .
DNA base composition. For strains C K K , DD, 695, WR1, and 694, DNA was extracted, and the guanine plus cytosine (G+C) content was determined by equilibrium density gradient centrifugation in CsCI, using a Spinco model E analytical ultracentrifuge. The buoyant density was determined, using Escherichia coli DNA as an internal standard, and the G + C content was calculated from the buoyant density by the equation of Schildkraut et al. (19) .
For M . synoviae WVU 1853, the G + C content of the DNA was found by Kelton and Mandel (13) 
RESULTS
Cultural and morphological characteristics. All of the strain except M . synoviae WVU 1853 grew on the standard media within 2 to 3 days at 37°C both aerobically and with increased carbon dioxide; WVU 1853 required nicotinamide adenine dinucleotide for growth.
Colonies of all of the strains exhibited the typical "fried-egg" appearance on solid media, but colonies without the central papilla were also seen.
The organisms were gram-negative, and upon Giemsa staining, all strains appeared mainly coccobacillary in form. Dark-field microscopy confirmed a predominance of coccoid elements with some pleomorphism.
Examination of thin sections with the electron-microscope confirmed the pleomorphism and showed that cells of all of the strains were bounded by a triple-layered unit membrane and lacked a cell wall (Fig. 1) .
On the external part of the cell membrane of the CKK and 695 strains there seemed to be an unusual amount of attached material. This is reminiscent of the observations made on the Mycoplasma dispar and Mycoplasrna mefeagridis strains.
Filtration studies. The results of the filtration studies are given in Table 1 .
Reversion studies. There was no colonial or cultural evidence of reversion to cell-walled bacterial forms when the strains were grown in media from which inhibitors had been omitted. Also, no morphological evidence of reversion was seen in cultures by light-microscope examrnation of smears or dark-field examination of broth cultures. Sterol requirements. A washed suspension of cells of each of the strains produced no growth on basal sterol-free agar but produced growth similar to that produced on the standard mediurn when swine serum (15%, wthol) was added. The same kind of inoculum failed to grow on the sterol-free agar plus bovine serum albumin and palmitic acid alone or when supplemented with 0.2 pg of cholesterol per ml. However, when this medium was supplemented with 5 to 100 pg of cholesterol per ml, growth was obtained with each of the strains.
In disk inhibition tests, growth of all of the strains was inhibited by digitonin, with the irihibitory zones being at least 4 mm wide.
Biochemical characteristics. Biochemical characteristics of the six reference strains are given in Table 2 .
DNA base composition. The average G + C contents of the DNAs obtained from two separate, independent estimations were as follows: strain CKK, 29 mol%; strain DD, 28 mol%; strain WR1, 27 mol%; strain 695, 25 mol%; strain 694, 32 mol%; and strain WVU 1853, 34 mol% (13) .
Serological studies. The main serological method by which the six strains under consideration were tested against the strains listed above was the GI test. This was a two-way test, and it was supplemented by the MI, IF, and immunodiffusion tests against a more restricted range of mycoplasmas. Each of the 6 strains under consideration was compared serologically in at least one test with 57 other Mollicutes strains as well as with each other, and each was compared more extensively, as shown below, with the other known avian strains.
GI tests. Complete growth inhibition of the six strains tested was produced by their homologous antisera (Table 3) . Growth inhibition of strain 694 by antiserum to strain WVU 1853 was demonstrated by one of three team members performing this test, but the zones of inhibition were much smaller than those of the homologous reaction, and reciprocal tests showed it to be a one-way cross-inhibition. Similarly, growth inhibition of strain WVU 1853 was produced by antiserum for M . orale strain CH 19299. Heterologous growth inhibition of four strains was observed by some team members with antisera to the six strains being examined ( Table   4 ). The zones of inhibition varied from 1.5 to 3.0 mm, were not complete in any of the reactions, and were always less than those in the corresponding homologous tests ; reciprocal inhibition was not produced. were each tested against antisera for the avian species and serovars (Table 5 ) and reciprocally.
The homologous titers obtained by the team members varied, but in each case they were considerably higher than the heterologous titers. Heterologous reactions of low titer were observed with antisera to strains CKK, WR1, 694, and WVU 1853, and reciprocal metabolic inhibition was only seen between strains WR1 and WVU 1853, again at low titers.
IF tests. The avian strains listed in Table 5 and their antisera were tested homologously and reciprocally by IF. Bright fluorescence was obtained with homologous reactants, but negative results were obtained in all of the heterologous tests. Two-way IF tests were also undertaken on the strains involved in cross-reactions in the GI tests (Tables 3 and 4) , with negative results. Immunodiffusion tests. The results of two-way immunodiffusion tests for all of the avian strains, including the six under examination, are shown in Table 6 . Cross-reactions occurred with all of the strains, and for many they were reciprocal, but the number of precipitin lines obtained with heterologous reactants was always fewer than that obtained with homologous reactants.
The results of the reactions between antisera to the mammalian strains listed above and the strains under examination are shown in Table 7 . Cross-reactions occurred against all of the strains except against strain 695, for which there were none. Cross-reactions were limited to a few mammalian strains, except with strain 694, against which 13 strains produced precipitins. Cross-reactions in every case were associated with fewer precipitin lines than the number obtained in homologous reactions among the six strains under examination.
DISCUSSION
Our results confirm the earlier observations of others in the following respects: strain 694 pro- duced film and spots and reduced tetrazolium (2), failed to ferment glucose (6), and had a G+C value of 32.1 mol% (13); strain 695 failed to produce film and spots but reduced tetrazolium aerobically (2), fermented glucose (6), and had a G+C value of 24.5 mol% (13); strain WVU 1853 required nicotinamide adenine dinucleotide for growth (5).
The following features shown by strains CKK, DD, 695, WR1, 694, and WVU 1853 indicate that the strains belong to the class Mollicutes: typical fried-egg morphology of at least some colonies of all of the strains under examination; the passage of cells through 450-nm filters and the passage of some cells through 220-nm filters; pleomorphism of cell form, as seen by dark-field illumination, although Giemsa staining showed mainly coccobacillary forms; the absence of a cell wall but the presence of a triple-layered membrane, as indicated by thinsection electron microscopy; and the failure of organisms to revert to bacterial forms on noninhibitory substrates. In this connection, however, it should be pointed out that the strains examined had probably been subcultured on 
Figures within parentheses indicate complete inhibition in millimeters with minima and maxima obtained by team members. numerous occasions before testing for reversion to bacterial forms. The low DNA base ratios of the strains (G+C content, 25 to 32 mol%) are also in keeping with the majority of species of the class Mollicutes.
The failure of all of the strains to grow in sterol-free medium, their inhibition by digitonin, and their morphology meet the requirements for inclusion in the family Mycoplasmataceue.
Furthermore, the ability of these strains to grow aerobically and their inability to utilize urea place them in the genus Mycoplusmu. (Tables 3 and 4) were one-way only, showed partial inhibition with a number of "break-through" colonies, and showed zones which were in every case significantly smaller than those of the homologous reactions. Fur- The MI tests for the avian strains showed that the homologous titers were always considerably higher than the heterologous titers and, in most cases, occurred only in one-way cross-reactions. Exceptions to this were strains WR1 and WVU 1853; with these strains, two-way crossreactions occurred, but at titers much lower than those of the homologous reactions.
The immunodiffusion tests were limited to the avian strains in two-way tests and to the sera only of all of the other strains. Whereas a number of heterologous reactions occurred, the number of precipitin lines were always lower with heterologous reactants.
It may be concluded from these serological tests that the six strains under examination each belong to separate species.
Further distinguishing features of these six isolates are the distinct values for the G+C contents of the DNAs, the specific electrophoretic patterns of the amino acid components compared with all other avian strains (ll), and certain biochemical reactions.
Since the strains studied represented all of the relevant Mycoplasma species presently required to be tested for taxonomic purposes (21) , it is concluded that strains CKK, DD, WR1, 695, and 694 are members of new and distinct species and that M . synoviae is confirmed as a unique species. The following names are proposed for the five previously unnamed taxa represented by the following organisms. CKK: Mycoplasma pullorurn (L. n. pullus a young animal, especially chicken; L. n. gen. pullorurn of chickens); DD: Mycoplnsma gullinaceurn (L. n. galliis a domestic fowl; L. adj. gallinaceurn pertaining to a domestic fowl); WR1: Mycoplusrnu gallopavonis (L. n. gallopavo a turkey; L. n. gen. gallopavonis of a turkey); 695: Mycoplnsmn iowae (among avian mycoplasmologists, the epithet "iowa" has been used for a number of years; the genitive form iowae [of iowa) is suggested): 694: Mycoplasma colurnbinasale (L. n. columhus a pigeon; L. n. gen. columbi of a pigeon; L. adj. rzasale pertaining to the nose; L. adj. columbinasale pertaining to the nose of a pigeon).
Formal descriptions of the proposed new species and of Mycoplasma synoviae WVU 1853 follow.
The fact that these organisms are members of the class Mollicutes, family Mycoplasmutaceue, and genus Mycoplasrna was shown in the preceeding discussion, and characteristics of the individual species and of their respective type strains are given below.
Mycoplasma pullorurn ferments glucose aerobically and anaerobically, does not utilize arginine or urea, and does not reduce tetrazolium chloride, show phosphatase activity, or produce film and spots. G+C content of DNA: 29 mol%. Serologically distinct. Type strain: CKK (= ATCC 33553 = NCTC 10187).
Mycoplasma gallinaceurn ferments glucose aerobically and anaerobically, does not utilize arginine or urea, and does not ferment tetrazolium chloride, show phosphatase activity, or produce film and spots. G+C content of DNA: 28 mol%. Serologically distinct. Type strain: IID (= ATCC 33550 = NCTC 10183).
Mycoplusma gallopavonis ferments glucose aerobically and anaerobically, does not utilize arginine or urea, and does not ferment tetrazolium chloride, show phosphatase activity, or produce film and spots. G+C content of DNA: 27 mol%. Serologically distinct. Type strain: WR1 (= ATCC 33551 = NCTC 10186).
Mycoplasma iowae ferments glucose aerobically and anaerobically, utilizes arginine, does not utilize urea, ferments tetrazolium chloride aerobically and anaerobically, and does not show phosphatase activity or produce film and spots. G+C content of DNA: 25 mol%. Serologically distinct. Type strain: 695 (= ATCC 33552 = NCTC 10185).
M y coplasma colurnbinasale does not ferment glucose, utilizes arginine, does not utilize urea or ferment tetrazolium chloride, shows phosphatase activity, and produces film and spots. G+C content of DNA: 32 mol%. Serologically distinct. Type strain: 694 (= ATCC 33549 = NCTC 10184).
Mycoplasma synoviae ferments glucose aerobically and anaerobically, does not utilize arginine or urea, does not ferment tetrazolium chlo-ride or show phosphatase activity, and produces film and spots. G + C content of DNA: 34 mol%.
Serologically distinct. Type strain: WVU 1853 (= ATCC 25204 = NCTC 10124).
